The effect of enzyme supplementation was studied in a balanced three-period (3 x 13 days) crossover trial with 16 male piglets weaned on day 11 post-natum. On days 15 and 16 of age the piglets were fitted with a simple T-cannula at the distal ileum. Starting on day 21 post-natum, piglets were fed the basal diet (22.1% CP and 14.5 MJ ME/kg as fed) without or with the addition of xylanase (endo-1,4-β-xylanase, EC 3.2.1.8) at a level of 5600 EXU/kg (as fed) or phospholipase (phospholipase A2, EC 3.1.1.4) at a level of 1000 IU/kg (as fed), or a combination of both. Activities of maltase, lactase, leucine aminopeptidase (LAP), lipase and α-amylase were measured in ileal digesta. The supplementation with exogenous feed enzymes had no significant (P>0.05) effect on the activities of maltase, LAP, lipase and α-amylase. The activity of lactase tended (P=0.1) to be higher in piglets fed the diet supplemented with the combination of both enzymes compared to the basal diet. In conclusion, the addition of exogenous feed enzymes had only minor effects on the activity of piglets' own enzymes in the chyme entering the hindgut.
INTRODUCTION
The post-weaning period of piglets is generally associated with major stresses such as a separation from the sow, a new environment and changes in diet composition. Due to these stressors marked changes occur in the morphohistological structure in the small intestine of piglets, such as atrophy of villous, crypt hyperplasia, and a decline in the activity of brush-border enzymes (Pluske et al., 1997; Pluske, 2001) . Moreover, during the first 3-7 days after weaning, the secretion of pancreatic enzymes is depressed by 30-75% (Le Huërou-Luron and Guilloteau, 1999) . Thus, undigested nutrients may accumulate in the distal part of the gastro-intestinal tract and facilitate the rapid proliferation of pathogenic Escherichia coli, which is frequently associated with the occurrence of diarrhoea during the post-weaning period (Botermans et al., 1999) .
One approach to overcome these problems is to supplement pig diets with exogenous feed enzymes in an attempt to aid the digestion and absorption of nutrients . According to previous studies (Inborr et al., 1993; Diebold et al., 2004) , the inclusion of feed enzymes, such as β-glucanase and xylanase, in diets for weaned piglets improved the ileal digestibility of nutrients, especially of crude protein.
However, only few studies have been focused so far on the question if exogenous feed enzymes may have an impact on the pig's own secretion of endogenous enzymes (Inborr et al., 1994; Jensen et al., 1994 Jensen et al., , 1996 Jensen et al., , 1998 . Conflicting results have been reported. In some studies (Jensen et al., , 1996 supplementation of β-glucanase to barley-based diets for piglets caused an increase in the secretion of pancreatic proteolytic enzymes (i.e. chymotrypsin). However, Jensen et al. (1998) , who measured the activity of pancreatic enzymes in digesta of different segments of the small intestine and pancreatic tissue, obtained no effect of exogenous feed enzymes on the activity of pancreatic enzymes. Other authors (e.g., Inborr et al., 1994) even report that feed enzymes may depress the activity of pancreatic enzymes measured in digesta obtained from different segments of the small intestine.
The aim of the present study was to investigate the effects of the supplementation of a wheat-based diet with xylanase or phospholipase or a combination of these feed enzymes on the secretion of digestive enzymes in weaned piglets.
MATERIAL AND METHODS

Animals and housing
The piglets used in the experiment were obtained from a production herd of Unterer Lindenhof Research Station (University of Hohenheim, Germany), and housed individually in metabolic crates. Each crate was equipped with an infrared heating lamp and a low-pressure drinking nipple, which allowed free access to water.
The piglets used in the study were cared for in accordance with the guidelines issued by the German regulation for care and treatments of animals (Lorz and Metzger, 1999) . The experimental protocols were approved by the German Ethical Commission.
Design and experimental procedures of experiments
The effect of exogenous enzyme supplementation was investigated in a balanced three-period (3 x 13 d) crossover design. Sixteen male piglets (German Landrace x Piétrain) were weaned at 11 days of age. On days 15 and 16 post-natum, with an average body weight (BW) of 4.4 ± 0.6 kg, the piglets were surgically fitted with a simple T-shaped cannula at the distal ileum (Li et al., 1993) . After surgery, they received a commercial milk-replacer with small amounts of the control diet for 5 days. Starting on day 21 post-natum, the piglets were fed a basal diet that contained 22.1% CP and 14.5 MJ ME/kg (Table 1) . The experimental diets were supplemented either with xylanase (endo-1,4-β-xylanase, EC 3.2.1.8) at a level of 5600 EXU/kg (as fed) or phospholipase (phospholipase A2, EC 3.1.1.4) at a level of 1000 IU/kg (as fed), or a combination of both. The level of enzyme supplementation was based on manufacturer's recommendations (BASF AG; Ludwigshafen, Germany). Piglets were fed twice daily (08.00 and 20.00 h) at an average rate of 5% of BW (max 7% BW). Feed intake was recorded daily. BW was recorded at the beginning of each period and at the end of the trial.
Digesta collection
Ileal digesta were collected twice daily, from 08.00 to 09.00 h and from 13.00 to 14.00 h on day 11 of each experimental period. Ileal digesta were collected using plastic tubing which was attached to the barrel of the cannula by aid of elastic bands. The tubing was removed and replaced as soon as it was partially filled with digesta. Digesta samples were immediately frozen in liquid nitrogen following collection and stored at -75°C until analyses.
Chemical analyses
Digesta samples for all analyses were pooled within each animal and centrifuged (60 min at 3°C; 21780 × g), except for the determination of α-amylase activity. The protein content (mg/ml) and activity of enzymes (U/l or U/ml) were determined in aliquot parts (supernatant) either directly (LAP, lipase and protein) or, for lactase and maltase, after the removal of endogenous glucose by DEAE anion exchange columns (Raab et al., 1998) . The protein content of digesta (mg/ml) was determined according to Bradford (1976) . Activities of maltase (α-glucosidase, EC 3.2.1.20) and lactase (β-galactosidase, EC 3.2.1.23) were determined according to the method of Dahlqvist (1968) and Bergmeyer and Bernt (1974) as described by Schad (2002) . Leucine aminopeptidase (Leucine arylamidase, LAP, EC 3.4.11) activity was determined with a commercial photometric test kit (Boehringer/ Mannheim LAP, No 204323), using L-leucine p-nitroanilin as a substrate as described by Schad (2002) . The activity of α-amylase (1,4-α-D-glucanehydrolase, EC 3.2.1.1) was measured using the Phadebas® amylase reagent (Pharmacia and Upjohn Diagnostics, Freiburg, Germany) as a substrate as described by Kienzle (1988) . The lipase activity (triacylglycerol acylhydrolase, EC 3.1.1.3) was analysed using 1,2-o-dilauryl-rac-glycero-3-glutar acid-(6-methylresorutin)-ester as substrate. For dry matter determination digesta was dried at 105°C for approx. 4 h to constant weight.
Statistical analysis
The effect of exogenous feed enzymes on the secretion of digestive enzymes was tested by one-way analysis of variance using the GLM-procedure of SAS (SAS Institute, 1999, Release 8.2) . Results are expressed as least squares means with the standard error of the mean (±SEM). Differences between treatments were considered to be significant at P≤0.05; trends were set at P≤0.10.
RESULTS AND DISCUSSION
The effects of supplementation of xylanase or phospholipase, or a combination of both enzymes on endogenous enzyme activities in ileal digesta of weaned piglets are shown in Table 2 . There was no significant effect (P>0.05) of the supplementation with xylanase on the activities of brush-border enzymes (Table 2) . These results agree, in part, with those by Li et al. (2004) who Differences compared to the control diet within rows are marked † for tendencies (P≤0.10) 2 leucine aminopeptidase reported that the supplementation of pig diets based on barley with both xylanase and β-glucanase caused a significant increase in activity of γ-glutamyl transpeptidase in the jejunal mucosa only, whereas activities of disaccharidases, including maltase and lactase, were not significantly changed. Moreover, the authors showed that exogenous non starch polysaccharides (NSP) degrading enzymes decreased significantly activities of pancreatic enzymes, including α-amylase and lipase, in digesta obtained from the distal part of the duodenum. However, in the present study the supplementation with xylanase did not significantly influence the activities of pancreatic enzymes in the small intestinal content (Table 2 ). This is in partial agreement with Inborr et al. (1994) and Jensen et al. (1998) . Jensen et al. (1998) reported that β-glucanase supplementation did not significantly affect the activities of lipase and α-amylase measured in the content of distal small intestine and pancreatic tissue. Inborr et al. (1994) found that the supplementation of barley-based diets with β-glucanase caused a negligible decrease (P<0.08) in the activity of α-amylase in the intestinal digesta of piglets only.
In the present study, the supplementation with phospholipase did not cause significant changes in activities of endogenous enzymes, only slightly numerical increases in activities of LAP and maltase were observed. It must be emphasized that no reports have been published so far on the effect of the phospholipase supplementation on the activity of digestive enzymes in piglets. Previously, Diebold et al. (2004) observed that the supplementation with phospholipase to a wheat based diet for piglets improved the ileal digestibility of crude protein (P<0.05). Moreover, the authors reported that the supplementation with a combination of both xylanase and phospholipase improved the ileal digestibility of crude protein and crude fibre. A slight increase in activities of maltase, lactase (P=0.1) and α-amylase in piglets fed a diet supplemented with a combination of both xylanase and phospholipase in the present study support, in part, the results reported by Diebold et al. (2004) . These authors observed also a slight increase in ileal crude fat digestibility upon dietary supplementation with both xylanase and phospholipase. Since lipase activity, based on the results of the present study, was not affected, this improvement in fat digestibility has to be attributed to exogenous xylanase and phospholipase supplementation.
The results of period effect (i.e. age effect) on the enzymatic activity are summarized in Table 3 . No significant age-dependent changes (P>0.05) could be observed for lactase activity. This is in agreement, in part, with recent studies of Marion et al. (2001) and Sileikiene et al. (2002) . In the study of Sileikiene et al. (2002) , performed on piglets weaned at day 18 post-natum and fed a solid diet starting from day 33, lactase activity slightly declined during the first 4 days after transition from a liquid milk-replacer to a solid diet containing skim milk powder and remained constant up to day 46 post-natum. Marion et al. (2001) found similar activities of lactase in 10-, 14-and 21-day old weaned piglets. This might be due to the presence of lactose in the diet. Although classically maltase activity increased continuously with age Marion et al., 2001; Sileikiene et al., 2002) , in the present study no age-dependent increase (P>0.05) in the activity of maltase could be observed. Moreover, the activity of LAP decreased in Period II (P<0.02) and III (P<0.03) compared to Period I and tended to recover in Period III (P>0.06) ( Table 3) . Studies carried out to investigate the development of peptidase in weaned piglets (Marion et al., 2001; Le Huërou-Luron, 2002; Sileikiene et al., 2002; Hedemann et al., 2003) led us to assume that the development is specific for different peptidases. For example, Hedemann et al. (2003) reported in a study performed on piglets weaned at four weeks of age that the activity of peptidases on day 9 post-weaning generally did not differ from that observed on the day of weaning. Sileikiene et al. (2002) have shown that the LAP activity after increase during the first 4 days after transition from a liquid milk-replacer to a solid diet slightly dropped in the following days and remained constant up to day 46 postnatum. According to Marion et al. (2001) and Le Huërou-Luron (2002) the specific activity of aminopeptidase A does not change after weaning at 7 days of age and that of aminopeptidase N increases during the 3 days after weaning and remains constant up to 2 weeks after weaning. A tendency for a post-weaning recovery in the activity of aminopeptidase N was observed only in the jejunum of piglets 5 weeks after weaning (Le Huërou-Luron, 2002) .
The age did not affect (P>0.05) the activities of pancreatic enzymes in the present study (Table 3) . Previously, it was demonstrated that lipase activity decreased in the first week after transition from a liquid milk-replacer to a solid diet and remains constant in the following days. Moreover, it was observed that the activity of α-amylase increased in the first 3 days after weaning and recovered to the level observed before weaning in the following days (Sileikiene et al., unpublished data) . Similarly, Marion et al. (2001) found that in piglets, the activity of lipase decreased after weaning at 7 days of age during the 3 days thereafter, and remained constant up to 2 weeks after weaning.
CONCLUSIONS
In conclusion, the results indicate that the supplementation of exogenous feed enzymes did not affect the activity of pancreatic enzymes. It seems that the inclusion of exogenous enzymes in piglet's diets could enhance the secretion of brush-border enzymes only. Moreover, the lack of age effect on the activity of pancreatic and brush-border enzymes indicates a rapid functional maturation of the intestine in early weaned piglets.
